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1. During the subject reporting rericd we have ordered ard
received the equipment to be used for the rescaren (the last it
~rived abcut one week ago). The lack of egquipment nurchased Witk -lhese

e ) Whd ‘4‘.

sroLe funcs, however, has not significant? 1y delzysd cur nrogress.

=)
i

nove {in c.r opinion) accomplished a considerable amcust o work during
the zast six nmonths~-a Zreat deal of this using borrowed scuiosment.
2. Research Accomplished During tne Reporiing Poricc.

a. The Effect of 0060 Gamma Radiation upon Respireticr ind

. ..ztabolism of L Cells.

Suspensions of L cells were studied in these experizzais.
L.i rete of respiration belcre, during, and after irradiation was
slasured with an oxygen electrode. The ATP concentrations were measured
>y the firefly lucifercse method. The effects of 60 - 2,500 rads of
COéO Zemma raaiation on the respiratory rate of suspensions of L cells
were measured (8 ml of suspension with cell densitiss of 2 x 105 cells/ml
were studied). Doses of 130 rac?s and above produce: & ccoe-dependent
wrensitory stimualation of the rate of respiration. Doses of 120 rads
and below, howesver, prcduced & depression of the respiratory rate (no
stimulation wis observad;. When the 120 - 130 "crossover! dose is

compared with the sinzlc cell survival curve (N = 2.2-3.5, 25 = 125 -

150 rads), the "crossovcr! dose lies at the end of the shoulder segment



of the curve. Consequently, those doses which place the colony surviving
traction on the log-linear segment were associated with a stimulation
of the respiratory rate. Conversely, doses which place the surviving
fraction on the shoulder of the curve, produce only a depression of
respiration.

Using a similar experimenval arrangcaeat, intracellular
ATP concentrations were measured durinz the immedizie posi-irradiation
period. After a dose of 250 rads, therc was a transitory rise of the
ATP concentration - as ccmpared to non-irrzdizted controls. TWhen the
0, uptake data is compzred with the ATP results, the 02 curve lezds the
ATP curve by about U4 minutes. The entire response period has cc..z and
gone within 15 minutes after irrzciation.

The following states the hypothesis which we are vzing
to explain the experimental results. The mitochondrial membrane is
known to L sensitive to peroxide compounds of several iypes--especially
fatty acidé peroxides. Given that peroxide compounds are produced as
a consequence of irradiation, perhaps the membrane becomes permeable
to some coxpound which (1) stimulates respiration and (2) is
phosphorylated to form a net increase in ATP. The compound ADP seems
to be the only substance wnich can easily fit these criteria. If
increasec emounts of AD? penetrated the mitochondria, the rate of
resziration would be increased (because of the "respiratory control"
of AJP). Given an elevated concentration of intramitochondrial ADP,
thae Iintramitochondrial ATP concentration would risc because of increased
cxidative phosphorylaiion. After the intramitochondrial ATP.

concentration reached scme maxiniwa level, the egress of ATP from the

-



mitochondrion into the surrounding cytoplasm would balance the rising
intramitochondrial level. Since the rising ATP concentration implies
a falling ADP concentration, respiration would decrease with the
declining ADP level, As the ATP reached the extramitochondrial
cytoplasm, it would enter into reactions which would utilize the ATP
(consequently lowering the total intracellular level of ATP) and
regenerate the ADP pool. The net result would be a return of the
various interacting substances toward normal levels.

We are in process of exitending and refining cur Zindings.
In cooperation with Dr. Sandberg of the Physiology Depariment, e are
exploring the feasibility ol using an znalog-to-digital computer
processing method to record, to recduce and to process tae ouitputs of the
oxygen electrode. ince most of the equipment to perfor: trhece
experiments is already available, this phase should be acccrplizhed
without additional cost to NASA. We are zlso beginning experinznis
in which txie incorporation of precursors into ATP, DNA, RNA, anc
protein are measured very soon after irradiation. These data together
with the respiration mezsurements should allow us to learn more avout
the actual biological significance of the ATP-O, changes during the first
few post-irradiation minuies.

b. Ths Eficzet 0¢ CO60 Garma Radiation upon Nucleotide

Metzbolisn of L Cells.

For these experiments we irradiated monolayers of L celis
with 2000 rads of CO60 radiation. 4t 2L hours afier exposure, P320h
zS added to the medium and a 1 hr. labeling pericd allowed to elapse
before the cells were extracted with perchloric acid (PCA). After

extraction the perchlorate ions were removed by neutralization with
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KOH. The acid soluble fraction was chromatographed on a Dowex-1
colunn. These studies showed that NAD, CiP, AMP, GMP, ADP, and ATP
were present in measurable quantities.

All fractions were tested for the presence of deoxy
sugars by the diphenylamine mcthod; the‘orcinol reaction was used for
identification of rivose. All measurcments showed the fractions to
contain ribose zlone--no deoxy sugzars were icdentified.

The resulls o the experiicnts cov 24 - s werce negative.
We are now planuing to use these techniques to mecasure who anucleotide
propailes cf cells during the first few post-irradiaticn :inutes. This
setner with the macromoiecules meazsurcnents should increzse cur

understancinz of the immadiate post-irradiation changes.

[y

¢. A Study of & Hon-linear Method for Fiiiinz Cell Suri-val

Curves.

The multitarzet mcdel for the survival of irradiascd cells

is given uy ~D/D
g =1-(1-e 9F

where s is <the fraciion of cells surviving a dosc of D rads. D_ and n
are paramev.rs; Do 1s that dose required to reduce survival by 0.37

along the lcg-linear segment while n is the extrapolation nurber.

Yy

Hand grapning methods are usually used wo £it curves o

coed into the

this Uype. Conscequenily, considerable bias can be inj

W

interpretation of the data--depending upon how cac tends to Mrelzhio®

ne curve. e are usirng an iterative technique to Iii this modal to

our dava. Iy applying large sample (esymptotic) iheory, we are able to
calculate the varicnces about the estimates of Dy and n. At the present,

however, we reaily do not have a clear understanding of the actual
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meaning of these variances.

To study the characteristics of these variances, we are
using a digital computer to generate "dai which contains random
variability in either the "data" or in the parameters (this is a modified

Monte Carlo type of analysis). Given a set of this "data" we then fit

curves and calculate the variancez--also wiih the computer. From studies

of this type, we hope to be eble to deternine actually what are the mecnings
of the variences, vo gev saue notlca of their distributions, and to get

some insight o5 1o possibtie weighiing factcrs for the curve fitting.
We plan to externd these suidies (Lezetizr with
Or. Robinetie) Lo seek the answers 1o such questions &g
(2) Woat 1o tae optirmum number of cells to sezd per plate?

(b) Wazt Z1s the optizum nuzber of colonles per plate

to zet the most infornziion?
(¢) How meay doses should se studied?
(d) How nmeny plates saould be run at each dose?

(e) What respoases zre neccssary to detect changes in

the D,'s and n's after the appiication of

radiation mcdifying crugs.
é. The Effect of CG®VY Cirma Radiziion on 472 Svnthesis
by L Cells.

For these studies tne L cells were susneaded in glucose-
free Hank'e Zilanced Salts Solution (H3SS). Immediately after transier
to this deficient medium (no encrzy source), both the ATP levels and tne
rate of ATP synthesis (as measurec by the fncorporaticn of 232) were
rapldly ccpressed to approximately 80% of the complete medium'control.

After 100 rads, ATP synthesis is further depressed Tfor a period of some
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30 minutes, following the time interval a rapid increase in the rate of
ATP synthesis occurs, lasts for 10 to 30 minutes, and then returns to
the original depressed level. The ATP levels, however, remain fixed at
a level of some 80% of control.
This response has been seen with L cells in three different

states of growth (1) log growth, (2) lag phace, and (3) suspension culture.

€. The Effecy

£ 2, 4 Dinitroprenol on ATP Synthesis and
Post-Irradiavion Survival 5r L Cells.

The compound 2, L dinitrepacenol (DNP) uncouples oxidative
phosphorylaiion. 4dditica of DNP ({inal comcentration 5 x lO'SM)
to suspensions of L cells proeduces an imuediate drop in cellular ATP
levels to zbout 155 of totel medium of comtrol. After removal of NP,
the AT? level recoveresd rupidly to about 60% of control. The incorporation
of P32 folloied the sans pattern.,
Single cell survivel experiments were performad wi:h L cells
‘which nad eitvher been treated with DNP or glucose free EBSS. 2Botvh of
these treatments--which reduce intracelluler 477 levels--produced cellular
survival greater vhan cells irradiated in complete meiiuwa. The shape
of the survivel curve of the ATP deficient cells suggess thot the
shoulcer sc_ment is prolonged as compared with controlis.
3. Zesearch planned for the next funding pericd (I Ccuv 67 -
30 Sep 68):
Our initial experience strongly csuzgests that significant
oiological changes occur during the Zirst post-irradiation hour. With
Rovinette's participaticn we plan to parform a broad group of

N

experimonts (which include cell survival, respiration, nucleotide
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synthesis, and macromolecule synthesis) during the immediate post-
~exposure period. The basic cellular responses will be studied under
conditions where the cell is rendered more radiosensitive (under increased
0, tension and after BUdR incubation) and where the cells are made
radioresistant (under decreased Op tension and in the presence of
radioprotectors such as AET).

We plan to continue the broad research plan as outlined in
our original protocol. Only now, the emphasis is shifted somewhat to
include the more immediate post-irradiation period.

The oxygen elecurode deta is to be extended by pericrming
paired-dose experiments, and experiments at different dose rates. Also,
studies wita cells sensitized by BU4R will be performed.

e feel that our first six months of activity have beez very
productive--we anticipate even more progress in the future.

L. Publications Sgponsored by the Grant:

i. J. W. Tyson, J. H. Heade, G. V. Dalrymple, and H. X. Marvin,
Some Biomedical Applicaticns of a Non-Linear Curve rit
Method, J. Nuc Med--in press.

2. G. V. Dalrymple, M. L, Baker, and J. L. Sanders, The

Effects of 0060

Gamma Radiztion on Respiration ard
Survivel of L Cells (abst.) Radiat Res--in press; tc be
presented at the Annual Meeting of the Radiation Research
Society, San Juan Puerto Rico, 7 May 67.

3. G. V. Dalrymple, J. L. Sencers, M. L. 3aker, and J. L. Schrantz,
The Role ¢f Energy Metabolism in the Repair of Radiation
Injury by L Cells, J Nuc Med (abst)--in press; to be
presented at the annual meeting of The Society for Nuclear

Medicine, Seattle, Washington, 21 Jun 67.
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L. J. H. Meade and G. V. Dalrymple, A llumerical Method
for Estimating the Parameters of Post-Irradiaticn

P

Cell Survival Curves, J Huc Med (abst)--in press. To
be presented at The Annual Meeting of The Society for

Nuclear ifedicine, Seattle, Washington, 21 Jun 67.

1. "YRadiobiologzical Studies wivh Culitured Marmalian

Cells," G. V. Dalryuple, J. L. Sanders, and J. A, eade.

Presented at ..ucs Rezcarcl. Center, 2L Feb 67.
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